All 25 integrated Lick/IDS spectral indices have been theoretically computed for broad ranges of age and metallicity with the effects from horizontal-branch stars fully implemented. In order to self-consistently incorporate the general nature of the stellar library on which the fitting functions have been built, our models employ α-enhanced isochrones at the sub-solar metallicity regime, but solar-scaled ones at solar and super-solar metallicity. We have also employed the updated response functions of Houdashelt et al. at the solar and supersolar metallicity regime, so that we could assess the light-element enhancement phenomena seen from metal-rich early-type galaxies.
INTRODUCTION
Lick/IDS spectral indices have been widely used to derive the mean age and mean chemical compositions of stellar systems such as star clusters and galaxies. It is therefore essential to continue to validate the use of the integrated Lick spectral indices for age and metallicity estimation of distant unresolved stellar systems through the satisfactory confirmation of age and metallicity of the Milky Way globular clusters with their independently acquired age and metallicity (e.g., Gibson et al. 1999 ).
In order to compute the theoretical integrated Lick/IDS spectral indices from Simple Stellar Population (SSP; single age and single metallicity) models for the broad coverage of age and metallicity, three components are generally needed. They are (1) stellar isochrones and evolutionary tracks, (2) stellar atmosphere models, and (3) empirically derived Lick spectral index fitting functions. The fitting functions of Worthey et al. (1994) 1 have been built upon the Lick stellar library which basically follows the galactic chemical enrichment histories throughout the broad metallicity coverage. In a nutshell, stars at the metal-poor regime ([Fe/H] < 0.0) are generally of [α/Fe] ∼ +0.3 dex and at the solar and super-solar metallicity regime they are solar-scaled, i.e., [α/Fe] = 0.0. Therefore, it would become more realistic models if they are made with comparable α-enhanced isochrones that follow this trend.
Bearing this in mind, we employ the α-enhanced isochrones at the sub-solar metallicity regime (in this work Y 2 isochrones, Kim et al. 2002) in order to make the SSP models that are robustly compatible with the α-elements enhanced stellar library and fitting functions. By the same token, we compute our models using the solar-scaled Y 2 isochrones at the solar and super-solar metallicity regime. Also, in order to make a straightforward comparison with observational data, we present our results at the given [Fe/H] , instead of at the given total metallicity, [Z/H] (c.f., Trager et al. 2000 ; Thomas, Maraston, & Bender 2003a; hereafter TMB03a) .
Besides basic checking of our models with a wide variety of data, some of the issues that we are addressing in this study with our new models are the following: (1) the sensitivity of the bluer Balmer indices, Hγ and Hδ, to α-enhancement may be higher than for Hβ (Thomas, Maraston, & Korn 2004) , (2) young-and intermediate-age star clusters may be present in M31 (Beasley et al. 2004 (Beasley et al. , 2005 Burstein et al. 2004) , (3) there may be a CN anomaly between GCs and early-type galaxies (Burstein et al. 1984) , (4) the overall Mg enhancement in early-type galaxies is seen to depend on velocity dispersion (Worthey 1998) , and (5) there may be a Ca underabundance in early-type galaxies compared to the solar mixture (Thomas, Maraston, & Bender 2003b; Cenarro et al. 2004 ).
In the following section, we describe our models in detail. Our models are compared in § 3 with recent observations of Milky Way and M31 globular clusters. Also, early-type galaxies data from Lick observatory are compared with our models. Section 4 summarizes and concludes our works.
STELLAR POPULATION MODELS
The present models are direct descendents of an evolutionary population synthesis code that was developed to study the stellar populations of globular clusters and early-type galaxies (Lee, Yoon, & Lee 2000; Lee, Lee, & Gibson 2002) . In this work, we have taken advantage of the recent emergence of the Y 2 isochrones with α-mixture [this mixture has O, Ne, Na, Mg, Si, P, S, Cl, Ar, Ca, and Ti enhanced and Al and Mn depressed relative to Fe, C, N, K, Cr, and Ni: c.f. Kim et al. (2002) ] in order to be compatible with the stellar library that became the basis of the Worthey et al. (1994) After the onset of the helium core burning, the post-red giant branch evolutionary tracks by Yi, Demarque, & Kim (1997) are accompanied. Following our earlier work (Lee et al. 2000 (Lee et al. , 2002 , we fully take into account the detailed systematic variation of horizontal-branch (HB) morphology with age and metallicity. In order to reproduce the observational HB morphology of Milky Way globular clusters, the value of η, the parameter in Reimers (1975) law, was taken to be 0.6 in this work.
For metal-rich ([Fe/H] > −0.5) populations, the value of the helium enrichment parameter, ∆Y/∆Z = 2, was assumed. The standard Salpeter (1955) initial mass function was adopted for calculating the relative number of stars along the isochrones. The stellar model atmospheres of Lejeune, Cuisinier, & Buser (1997 was used for the conversion from theoretical to observable quantities because of their wide coverage in stellar parameters such as temperature, surface gravity, and metallicity. The investigated age range is from 1 Gyr to 12 Gyr and the metallicities cover −2.5 ≤ [Fe/H] ≤ +0.5.
We want to stress that our models are presented at the fixed [Fe/H] so that it should be straightforward to compare to the observational data with well measured mean [Fe/H] and [α/Fe]. and Maraston et al. (2003) investigated the impact of α-enhanced stellar evolutionary tracks on the stellar population models using the Salasnich et al. (2000) . However, one should realize that because their models are provided at the fixed total metallicity [Z/H], their α-enhanced tracks are hotter than the solar-scaled ones, mostly owing to the lower opacities of α-enhanced stellar atmospheres at the fixed total metallicity [Z/H]. The situation is the opposite for our models at fixed [Fe/H] where the α-enhanced tracks are cooler (see, Figures 2 and 3 of Kim et al. 2002) .
In order to investigate the α-enhancement phenomena at the solar and super-solar metallicity regime where many massive elliptical galaxies reside, we employ the updated response functions (RFs) by Houdashelt et al. (2002) which we describe in detail in the following subsection.
HOUDASHELT ET AL. TREATMENT
Recently, Houdashelt et al. (2002; hereafter HTWB02) repeated and expanded the earlier work of Tripicco & Bell (1995; hereafter TB95) regarding the sensitivity of each Lick spectral indices as the abundances of individual chemical elements are varied. They used revised and updated spectral line lists, including TiO bands that were not included in TB95. In addition, they added the age-sensitive Hγ and Hδ indices 2 .
HTWB02's experiments, like that of TB95, are done only at solar metallicity and only for three evolutionary phases. We apply this treatment at solar and super-solar regime (in our models, [Fe/H] = 0.0 and +0.5). Hence, even though our default models at [Fe/H] = 0.0 and +0.5 are of [α/Fe] = 0.0, with the help from HTWB02 we could now appraise the α-element enhancement phenomena, such as Mg enhancement seen from early-type galaxies (e.g., Worthey, Faber, & González 1992) . We do not, however, apply this treatment at the sub-solar regime in order not to incur any further unnecessary interpolations and/or extrapolations.
We include enhancement effects from the chemical elements O, Na, Mg, Si, Ca, and Ti, while elements C, N, and Cr track Fe in a scaled-solar fashion. This (1) accommodates the general observational trends seen from the globular cluster stars (e.g., Fig. 14 of Ramírez & Cohen 2003) and (2) mimics the α-mixture of the Y 2 isochrones (Fig. 1 of Kim et al. 2002) . Detailed studies for the C-and N-sensitive indices are under way and will be presented elsewhere. Therefore, among Lick spectral indices, indices such as CN 1 , CN 2 , G4300, C 2 4668 should not be considered too seriously in this study at the solar and super-solar metallicity regime where we employ this HTWB02 response functions.
COMPARISON WITH OBSERVATIONS

COMPARISON WITH MILKY WAY GLOBULAR CLUSTERS
Having discussed the theoretical aspects of generating the integrated α-enhanced Lick spectral indices in § 2, we now provide empirical checks of our models using the Milky Way GCs. In this work, we use two datasets for the Milky Way GCs. One is from Cohen, Blakeslee, & Ryzhov (1998) 3 and the other is from Puzia et al. (2002) 4 . We use the Harris (1996) We show how our model Balmer line indices are compared with observations of Milky Way GCs in § 3.1.1. Then in § 3.1.2, comparison of our model metal line indices with Milky Way GCs is depicted. This latter process is of great importance because it would dangerously mislead at the age estimation using the diagnostic diagrams of metal line index vs. Balmer line index unless the pre-calibrations of models of metal line indices are carefully considered.
BALMER LINE INDICES
The comparisons between our model Balmer line indices with Cohen et al. (1998; C98) and Puzia et al. (2002; P02) It is useful to note that the latter two are among the most metal-rich Galactic globular clusters because it would be interesting to find whether there are more metal-rich GCs than these two in other galaxies.
From Figures 1 and 2 , where we compare C98 and P02 datasets of the Milky Way GCs with our models, we find good overall agreement and the clear emergence of horizontalbranch morphology effects. We see that (1) (Lee et al. 2000) .
METAL LINE INDICES
In this section, we first focus at the sub-solar metallicity regime in order to appraise our use of α-enhanced Y 2 isochrones for the comparison to the comparably α-enhanced Milky Way GCs (e.g., Carney 1996). Then we make some comments on the sensitivity of integrated Lick indices shown at the super-solar metallicity regime as we employ HTWB02 response functions. For clarity we have divided the Lick metal line indices into four groups. They are (1) CN 1 , CN 2 , G4300, C 2 4668: carbon and nitrogen sensitive indices, and Ca4227, Ca4455: calcium sensitive and insensitive indices, (2) Fe4383, Fe5270, Fe5335, Fe5406, Fe5709: iron sensitive indices, (3) Mg 1 , Mg 2 , Mg b: magnesium sensitive indices, and (4) Fe4531, Fe5015, Fe5782: non-iron sensitive indices, and Na D: sodium sensitive index, and TiO 1 , TiO 2 : titanium and oxygen sensitive indices.
The detailed descriptions of each indices are given in the below.
The top left panel of Figure 3 shows that Milky Way GCs are systematically ∼0.03 mag stronger than our models in CN 1 . In CN 2 , data are tilted against our models, they are weaker at the metal-poor but stronger at the metal-rich (similar to TiO 2 in Figure 6 ).
The mismatch here at the CN 1 and CN 2 between our models and the Milky Way GCs data may have originated from the intrinsic differences between the globular cluster stars and the field halo stars on that our models are based (e.g., Langer, Suntzeff, & Kraft 1992) . The Milky Way GC stars, down to main sequence turn-off stars, are known to be generally different from the field halo stars in the sense that they show some phenomena such as CH-CN bimodality (e.g., Cannon et al. 1998; Harbeck, Smith, & Grebel 2003) . As TMB03a analyzed, nitrogen enhancement rather than that of carbon might be helpful to ease the discrepancies between models and the data. Also, it is noted in Table 2 and 3 of Worthey et al. (1994) that the fitting functions for CN 1 and CN 2 are not valid below [Fe/H] = −1 due to lack of stars in the sample over which one could model a fit.
According to TB95 and HTWB02, both CN 1 and CN 2 are heavily sensitive to C and N, but in these experiments using HTWB02 at the super-solar metallicity regime we did not include C and N enhancements (see § 2.1), both CN 1 and CN 2 (also G4300 and C 2 4668) decrease with increasing α-enhancement mostly due to O and Mg.
G4300:
The middle left panel of Figure 3 shows that C98 data track our models for G4300, but not some of metal-rich P02 clusters. Opposite to TMB03a models, and perhaps because we do not include C-enhancement, G4300 decreases a bit with increasing α-enhancement, mostly due to O. G4300 is a C and O sensitive line index according to TB95 and HTWB02.
The middle right panel of Figure 3 depicts that our models generally trace C98 very well, while P02 clusters show a poor match as already seen in Fig. 2 of TMB03a. This is a carbon-sensitive index due to the swan bands of C 2 (TB95; HTWB02). Hence, the index name has been changed from Fe4668 to C 2 4668 (Trager et al. 1998 ). Contrary to TMB03a, perhaps because we do not take into account C-enhancement, C 2 4668 decreases with increasing α-enhancement mostly due to O.
Ca4227:
The bottom left panel of Figure 3 shows that both C98 and P02 are slightly weaker than our models at the metal-rich ([Fe/H] > −0.5) regime. Ca4227 is a highly α(Ca)-sensitive index. In fact, the only and the most Ca-sensitive Lick index according to TB95 and HTWB02. Contrary to TMB03a, because we do not consider the effects from C-and O-enhancement and due to Ca enhancement, Ca4227 significantly increases with increasing α-enhancement as manifested in Figure 3 at the super-solar metallicity end.
Ca4455:
Some serious mismatch is seen between Milky Way GCs data and our models of Ca4455 from the bottom right panel of Figure 3 . NGC 6356 ([Fe/H] = −0.50) is the only common GC between C98 and P02 (C98 = 0.69Å, P02 = 1.48Å). We suspect that there is probably something wrong in P02's measurements of this index for the Milky Way GCs because it is seen in Figure 10 that C98 generally overlap with M31 GCs. One possibility is that Ca4455 generally requires large systematic corrections to get from modern CCD spectra back to the original Lick/IDS system (Worthey 2004 ). Ca4455 is not an α(Ca)-sensitive index at all (TB95; HTWB02). It is actually α-insensitive index.
Fe4383:
From the upper left panel of Figure 4 , it is seen that Milky Way GCs data are rather well traced by our models of Fe4383 though some appear systematically, mildly weaker (by ∼0.5Å) at around [Fe/H] = −0.5 compared to our models. Nevertheless, this index is a promising substitute for the popularly used Fe5270 and Fe5335 if shorter wavelengths are available.
It is found that Fe4383 is actually α-anti-sensitive index. It decreases with increasing α-enhancement, just as predicted by HTWB02. According to TB95, it is the most Fe-sensitive index (but according to HTWB02, that honor is bestowed upon Fe5335).
Fe5270, Fe5335, <Fe> 9 , Fe5406, Fe5709:
The rest of Figure 4 depict that both C98 and P02 go well with our models in these Fesensitive line indices. C98's NGC 6553 and NGC 6528 (the last two metal-rich GCs) go very well with our models and suggest that NGC 6553, because it has slightly stronger indices, may be slightly more metal-rich than NGC 6528, contrary to typical literature values 10 .
Mainly because we are considering the α-enhancement at fixed [Fe/H] , it is noted that these Fe-sensitive indices are rather α-insensitive (i.e. contrary to the appearance of plots in TMB03a).
It is seen from Figure 5 that both C98 and P02 match our models very well. Between NGC 6553 and NGC 6258, NGC 6553 is consistently stronger again in these Mg indices according to C98.
Every Mg index is highly Mg-only-sensitive, rather than α-sensitive. They all increase with increasing α-enhancement mostly due to Mg-enhancement. Mg b is the most Mgsensitive index among them.
[MgFe]
11 :
This Mg b, Fe5270, Fe5335 combined index traces the Milky Way GCs very well throughout the entire metallicity range.
Fe4531, Fe5015:
The upper right panel of Figure 6 shows that C98 are systematically weaker (by ∼0.5 A) than our models of Fe5015 in entire metallicity range (opposite of CN 1 , but similar to Ca4455 and TiO 1 ). These two are Ti-sensitive indices according to TB95 and HTWB02. Both slightly increase with increasing α-enhancement, mostly due to Ti.
Fe5782:
The middle left panel of Figure 6 depicts that C98 are strangely stronger at the metalrich compared to our models, though with large errors.
It is a Fe-insensitive index and rather weakly α-anti -sensitive. Fe5782 decreases a little bit with increasing α-enhancement.
Na D:
The middle right panel of Figure 6 manifests that similar to TMB03a, our models are generally weaker than the Milky Way GCs. Data are stronger than our models at −1.5 < [Fe/H] < 0.0. Note that the Worthey et al. (1994) fitting functions were corrected for interstellar Na D absorption, but that the globular cluster indices have not. TMB03a suggests that this may be due to the Na absorption in interstellar material, and this is certainly true at the level of a few tenths of anÅ in equivalent width. In addition, similar to CN 1 and CN 2 , it is possible that Na−O anti-correlation phenomenon seen in globular cluster stars may have something to do with this mismatch (e.g., Gratton et al. 2001 ). Contrary to TMB03a, Na D heftily increases with increasing α-enhancement mostly due to our assumed Na-enhancement, similar to Ca4227.
The bottom left panel of Figure 6 shows that C98 are systematically ∼0.01−0.02 mag weaker than our models in TiO 1 . For TiO 2 , we use the C98 original measurements because From the above comparisons, we consider that CN 2 , Ca4455, Fe5015, Fe5782, TiO 2 may be rather ambiguous as chemical abundance indicators. For a larger number of useful spectral indices for the abundance ratio purposes, see Serven, Worthey, & Briley (2005) . It is also noted that some of the metal line indices such as C 2 4668, Fe5335, Fe5406 do not go monotonically with [Fe/H] at the metal-poor end (e.g., [Fe/H] < −1.5).
It is suggested from Fig. 7 of Gibson et al. (2003) that it is of great importance to see whether the metallicities of Milky Way globular clusters are safely reproduced from the models or not before the diagnostic diagrams such as Mg b vs. Balmer lines are used for the age estimation. We will address this issue in the following section as we compare M31 GCs with our models and Milky Way GCs.
COMPARISON WITH M31 GLOBULAR CLUSTERS
Having compared and calibrated our α-enhanced models with Milky Way GCs, we apply our models to M31 GCs. In this study, we mainly use Beasley et al. (2004) Keck observations of M31 GCs listed in their Tables 1 and 4 . Among their sample of M31 GCs, they have analyzed that 6 of them are possibly young star clusters (YSCs: depicted as triangles in our plots)
12 , 6 of them are intermediate-age GCs (IAGCs: diamonds in our plots) 13 , and 6 are suspected as the foreground dwarfs (small circles in our plots)
14 . Seventeen are left as bona fide old M31 GCs (see also Beasley et al. 2005 ). In our plots, however, we have depicted the genuine old M31 GCs with high S/N (≥ 60) with the bigger asterisks 15 compared to the ones with low S/N (smaller asterisks)
16 . Our plots are drawn as Mg b vs. Lick indices so that not only we could take advantage of one of the most α-enhancement sensitive index (Mg b) but also some direct comparisons with Fig. 2 of TMB03a are possible.
12 They are 222-277, 314-037, 321-046, 322-049, 327-053, and 380-313. 13 They are NB 16, and NB 67 . Please refer to Beasley et al. (2005) for the full description on the IAGCs.
14 They are NB 68, NB 74, NB 81, NB 83, NB 87, and NB 91.
15 They are and NB 89. 16 They are 163-217, 304-028, 310-032, 313-036, 328-054, 350-162, 393-330, 398-341, and 401-344. 
BALMER LINE INDICES
Our models in Figures 7−9 are same as that in Figures 1 and 2. From Figures 7−9 , the followings are noted: (1) in general, our models match M31 GCs as well as Milky Way GCs very well at 12 Gyr without the zero-point shifts which Thomas, Maraston, & Korn (2004; hereafter TMK04) We predict that these IAGCs are truly intermediate-age (∼2−5 Gyr) instead of oldage (∼12 Gyr) if they should NOT be detected with the GALEX far-UV photometry (see our models at Fig. 2a of Lee et al. 2003) . This also has implications for other suggested intermediate-age star clusters found among interacting galaxies (e.g., Goudfrooij et al. 2001) . In this respect, it is very interesting to note that a M31 GC (311-033)'s age is estimated at about 5 Gyr by Burstein et al. (2004) from its integrated spectra, but recent HST CMD by Rich et al. (2005) clearly shows that this globular cluster has a well-developed blue horizontal-branch.
METAL LINE INDICES
From Figures 10−12 , first of all, it is noted that M31 GCs go well with Milky Way GCs. Secondly, from the comparison with the two most metal-rich Milky Way GCs, NGC 6553 and NGC 6528, it seems that there is no super-solar metallicity M31 GC among Beasley et al. sample. In fact, the most metal-rich M31 GC from the Beasley et al. sample looks similar to the Galactic GCs NGC 6528 and NGC 6553 in Mg b and it is 163-217 (small asterisk). Overall, the metallicity range of M31 globular clusters is similar to that of their Galactic counterparts. It is further noted that the YSCs stand out in the moderately age-sensitive CN and G4300 diagrams. Finally, for the purpose of weeding out foreground dwarfs (small circles), CN 1 , CN 2 , Mg 1 , Mg 2 , Na D, and TiO 1 look useful.
The detailed descriptions of some notable indices are given in the below. Although we show YSCs, IAGCs, and dwarfs in our plots, we mainly describe about the genuine old M31 GCs in the below because our 12 Gyr models are compared with the data.
The top panels of Figure 10 show that M31 GCs are also systematically stronger than our models both in CN 1 and CN 2 by ∼0.04 mag similar to Milky Way GCs in Fig. 3 17 .
G4300, C 2 4668:
The middle panels of Figure 10 illustrate that M31 GCs data go well with C98 and our models.
Ca4227:
It is seen from the bottom left panel of Figure 10 that both the Milky Way and M31 GCs are systematically weaker than our models at the metal-rich ([Fe/H] > −0.5) regime.
Ca4455:
The bottom right panel of Figure 10 manifests that M31 GCs data go well with C98 rather than P02, though with some systematic offsets from our models.
Fe4383, Fe5270, Fe5335, Fe5406, Fe5709, Fe5782, Mg 2 , Fe4531:
From Figures 11 and 12 , it is seen that M31 GCs generally go very well with Milky Way GCs and with our models.
Fe5015:
The middle right panel of Figure 12 shows that M31 GCs go well with Milky Way GCs with similar amounts of systematic offset seen in Figure 6 .
Na D:
The bottom right panel of Figure 12 shows that M31 GCs generally go along with Milky Way GCs, suggesting some similar Na absorption in interstellar material and/or a possible Na−O anti-correlation among M31 GC stars.
It is seen from the bottom left panel of Figure 12 that M31 GCs go well with C98 with some systematic offset (∼0.01−0.02 mag) from our models.
COMPARISON WITH EARLY-TYPE GALAXIES
In this section, we investigate the α-element enhancement phenomena among earlytype galaxies, such as the well-known Mg enhancement that have been reported over the last decade (e.g., Worthey et al. 1992) . Our primary data set is the Lick/IDS early-type galaxies of Trager et al. (1998) . This data set has the advantage that it is on the Lick/IDS index system and that it contains a large number of galaxies. The set has two major disadvantages. First, the observational errors for any single galaxy are large, usually too large to have very useful age or metallicity discrimination. Second, the additional Balmer feature indices of Worthey & Ottaviani (1997) are not included. We gloss over the first problem for this paper by taking median values (really biweight locations; see below) and we fix the second problem by publishing here the Hγ and Hδ index measurements for almost all of the Trager et al. (1998) sample.
The treatment of the Balmer indices in the Lick/IDS data set proceeds much as outlined in Trager et al. (1998) , and we refer readers to that paper for a more detailed explanation. In brief, the program AUTOINDEX, written by Jesús González, was used to measure the index values. This program cross-correlates spectral regions in the immediate neighborhood of the index wavelength definition to refine the wavelength scale before index measurement. Error estimation comes from a ratio of the power in pixel-to-pixel (assumed mostly photon statistics) variations to the total power in the spectrum, where the analysis is done in Fouriertransformed spectra. This G factor was related to real measurement error by comparing with multiply-observed galaxies and scaled appropriately, as in Trager et al. (1998) section 3.
Velocity dispersion corrections were computed from artificially broadened templates that included G and K stars and low-σ galaxies. The C j (σ) multiplicative corrections are listed here [see Trager et al. (1998) 
The velocity dispersion corrections are among the mildest of the Lick/IDS index set. At σ = 400 km s −1 , the corrections are about 10% for both Hδ indices, and about 2% for both Hγ indices. Thus, the contribution to the total error from velocity dispersion is almost negligible (although we included it). The error estimation scheme may not work as well for Hδ as for Hγ because it lies at the blue end of the spectrum, and therefore may suffer from photon noise in a somewhat more nonlinear way than the central portion of the spectrum that was used to calculate the Fourier G parameter. Nevertheless, we present the index measurements and errors in Table 1 as our current best guess. The overall accuracy of the errors may, as in Trager et al. (1998) , be as good as 5% for the Hγ indices, but we doubt they are quite that good for Hδ.
For purposes of plotting this noisy data set, the galaxy data are binned by velocity dispersion and listed in Table 2 . Instead of mean and standard deviation, we derive the more robust Tukey biweight location and scale (Beers, Flynn, & Gebhardt 1990; Tukey 1958) . We note that the smaller galaxies are observed to have a much broader intrinsic scatter. Median measurement error is about the same for the smaller galaxies as for the larger ones, so the increased scatter in small galaxies is intrinsic to the galaxies, not an artifact of photon statistics. The implication is that the driving parameters of the integrated spectrum (age, metallicity, nebular emission) are more varied in the small galaxies compared to the large ones. This agrees with earlier inferences from the same Lick/IDS data set (Worthey 1996 (Worthey , 1998 but also from considerations of the Mg-σ diagram (Bender et al. 1993; Worthey & Collobert 2003) , where nebular emission is not a factor.
In Figures 13−19 , the σ-binned median galaxy indices are depicted as large open squares. In addition to the median data, two individual galaxies with low observational errors, M31 (big open circle on the metal-rich side) and M32 (big open circle on the metal-poor side), are also plotted. Figure 13 shows that the comparison of Lick/IDS early-type galaxies with our models in the Mg b vs. Hβ (left panel) and in the Fe5270 vs. Hβ (right panel). M31 star clusters with wide range of age are also plotted. At given ages, HTWB02 response functions of [α/Fe] = +0.3 and +0.6 dex are applied only at [Fe/H] = 0.0 and +0.5 as indicated in the left panels, while the top panels are our default models as described in section 2. The high α-sensitivity of Mg b (left panel) and a rather α-insensitivity of Fe5270 (right panel) are evidently compared. In Figure 14 , we illustrate the comparisons using Hγ A instead of Hβ in order to illuminate the high α-sensitivity of Hγ A 18 .
BALMER LINE INDICES
As we apply our α-enhanced models, that employ HTWB02's response functions on top of the solar-scaled isochrones at the solar and super-solar metallicity, to the data in Figures  13 and 14 , we find that vastly different age, [Fe/H] , and [α/Fe] estimation is possible for the early-type galaxies depending upon the selected combination of metal lines and Balmer lines. The well-known Mg enhancement is prominent from upper panels of Figures 13 and 14 as galaxies data are compared with our models from solar-scaled isochrones without HTWB02 treatment. It is seen from middle panels of Figures 13 and 14 , however, that our models of [α/Fe] = +0.3 dex consistently give similar estimation of age and metallicity both from Mg b and Fe5270 for high-σ galaxies.
The low σ galaxies (σ < 100 km/sec) that have the lowest values in Mg b and Fe5270 have consistent ages only in the [α/Fe]=0 panels, as one would expect from, e.g. Figure 17 . The median low σ galaxy also looks younger than high σ counterparts in Figures 13 and 14 (see also Caldwell, Rose, & Concannon 2003) , but of course the scatter in this bin is larger, so old-and-small galaxies do exist.
METAL LINE INDICES
The well-known Mg enhancement phenomenon of early-type galaxies is again confirmed from the comparison of our α-enhanced models with Lick/IDS early-type galaxies in Figures  13 and 14 . Our models of Mg b vs. Fe4383 in the top left panel of Figure 17 show this issue more clearly, because Mg b is strongly α-sensitive while Fe4383 is α-anti-sensitive.
Lick/IDS early-type galaxies against our models, particularly from Figure 17 , show that they are generally of −0.5 ≤ [Fe/H] ≤ +0.2 with [α/Fe] ∼ +0.3 dex. As Milky Way and bona fide old M31 GCs are compared with Lick/IDS early-type galaxies in Figures 15−19 , the following details are also noted.
The top panels of Figure 15 show that Lick/IDS early-type galaxies are systematically of lower values than the Milky Way and M31 GCs both in CN 1 and CN 2 by ∼0.03−0.04 mag (see also Fig. 3 of Beasley et al. 2004) . From this comparison, it may be understood that the globular cluster environment is perhaps special and different from that of galaxy field in terms of CH-CN bimodality phenomenon. The same phenomenon is seen in CN diagrams versus Fe indices.
Ca4227:
As shown in the bottom left panel of Figure 15 , all the metal-rich ([Fe/H] > −0.5) Milky Way and M31 GCs and Lick/IDS early-type galaxies are systematically of lower Ca4227 values compared to our models. The "Ca underabundance" (e.g., TMB03b; Cenarro et al. 2004 ) of early-type galaxies is manifested here. Figure 16 shows, however, that Ca4227 vs. Fe indices does not show any significant under-or over-abundance. That is, in diagrams involving Fe indices, the galaxies follow the scaled-solar models.
TiO 1 and TiO 2 :
It is seen from the bottom left panel of Figure 19 that Lick/IDS early-type galaxies overlap and extend the metal-rich end of the Milky Way (C98) and M31 GCs. Curiously, many GCs appear to have much stronger TiO absorption than the most metal-rich of galaxies. Perhaps some stochastic effect can account for this, but our favorite explanation is another appeal to the slippery transformation from CCD to Lick/IDS systems. In this case, the TiO indices are both broad in wavelength and at the red end of the spectrum, both of which leave the index especially sensitive to systematic errors induced by spectrophotometric shape effects.
SUMMARY & CONCLUSION
In this study, we have presented new simple stellar population models covering broad ranges of age and metallicity based on the α-enhanced Y 2 isochrones and HTWB02 response functions. All 25 integrated Lick/IDS spectral indices have been theoretically computed from our models where the effects from the horizontal-branch stars are fully incorporated. Our models employed the α-enhanced isochrones at the sub-solar metallicity regime, but used solar-scaled ones at solar and super-solar metallicity in order to be compatible with the stellar library on that the fitting functions have been built.
Among Balmer lines, a significant α-enhancement effect was noted for Hγ and Hδ, but Hβ is rather α-insensitive. We also find that our 5 Gyr and 12 Gyr models of Hγ and Hδ overlap at the metal-poor regime because of the blue horizontal-branch stars. It is further noted that at 1 Gyr, Balmer lines become weaker at the metal-poor end because the mainsequence turnoff becomes hotter that 10,000 K.
Our α-enhanced models are presented at the fixed [Fe/H], therefore making it straightforward to test our models using Milky Way globular clusters that have independently wellestimated mean [Fe/H] and [α/Fe] . At the solar and super-solar metallicity end, we have further employed the updated response functions by HTWB02 so that we could assess the well-known α-enhancement phenomena seen from metal-rich early-type galaxies using our α-enhanced integrated Lick indices. Hence, our models should be useful for distant unre-solved stellar systems in order to extract some useful information on their age, metallicity, and α-enhancement.
From the comparison of our models with observations of Milky Way and M31 GCs, we find that our models of Balmer lines satisfactorily trace them at 12 Gyr without the zero-point shifts from which previous other models suffer. We also verify the plausible existence of M31 young and intermediate-age star clusters that Beasley et al. (2004 Beasley et al. ( , 2005 recently claimed. We find that their ages at around ∼1 Gyr and ∼2−5 Gyr, respectively, from our models. We predict that these latter ones are truly intermediate-age (∼2−5 Gyr) instead of old-age (∼12 Gyr) if they should NOT be detected with GALEX far-UV photometry. We do not find any super-solar metallicity M31 GCs from Beasley et al. (2004) 's sample. Metallicity range of M31 GCs in Beasley et al. (2004) is similar to that of the Galactic counterparts. Contrary to the literature values, the Milky Way GC NGC 6553 appears slightly more metal-rich than NGC 6528 based on the strength of their metal indices.
We confirm and understand the well-known Mg enhancement phenomena among metalrich early-type galaxies. Our models with [α/Fe] = +0.3 dex consistently give similar estimation of age and metallicity both from Mg and Fe indices. Also, some interesting distinct differences are noted between GCs and galaxies in CN 1 and CN 2 . It may tell us that the globular cluster is of a special environment with such CH-CN bimodality that probably cause this phenomenon. The mysterious Ca underabundance is noted at the metal-rich regime both for GCs and galaxies against Mg, but it is not prominent against Fe. Finally, we stress that it is very important to use these α-enhanced Lick indices in order to properly assess the mean age and chemical compositions of early-type galaxies.
It is a great pleasure to thank Brad Gibson, Michael Beasley, Rob Proctor, Ricardo Schiavon, Daniel Thomas, Claudia Maraston, and Markus Kissler-Patig Table is arranged in trios of rows. The first row is the biweight location (median), the second is the biweight scale, a measure of the scatter that is equivalent to a Gaussian σ for Gaussian-distributed data, and the third is the number of galaxies used in the biweight computation for each velocity dispersion bin and index. "LOSVD" is line of sight velocity dispersion. Harris (1996) . Note that our 12 Gyr models trace the Milky Way GCs without zero-point shifts (see text). The 12-and 10-Gyr lines cross due to HB morphology effects. 
